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Abstract. Ambitious new goals for control of malaria have been set and significant additional resources for malaria
control are being mobilized. Yet for many of the countries most severely burdened by malaria, both baseline data and
reliable monitoring of key impact indicators is lacking. For such countries, it will be difficult to know when targets are
met or whether to make mid-course corrections if progress is inadequate. The new investments in malaria control have
triggered resurgence in demand for health information, both for performance-based resource allocation and for health
impact. We argue here that some of these resources will need to be diverted to support more integrated information
systems able to monitor change and guide approaches, not just for malaria, but also for other important health and
poverty related interventions. This paper urges a re-thinking of the nature of management information systems and
sources in resource poor settings. A pathway is suggested that helps situate monitoring and evaluation more strategically
in a framework of other information management steps for longitudinal, iterative, evidence-based decision making.
Health Information Systems of the future will need much greater coherence in the use of information from disparate
sources and much greater influence on action.
FINAGLE’S THREE LAWS OF INFORMATION
“The data we have are not the data we want.”
“The data we want are not the data we need.”
“The data we need are not available.”
INTRODUCTION
In this report, we reflect on the various means currently
available for monitoring progress in malaria control. We pro-
vide a framework for thinking about the supply side of infor-
mation for malaria control that should help guide choices for
how to monitor the impact of new resources now becoming
available for malaria control. We also provide a pathway for
helping data have a greater influence on action. Terms such as
monitoring, evaluation, and forecasting for malaria control
suggest a focus on evidence-based decision making for ma-
laria control. Progress at the pace required will need strate-
gies, plans, priority setting, resource allocation, and action
that are rooted in contemporary empirical data for timely and
meaningful indicators of progress. Yet there is often confu-
sion in the use of terms such as data, information, monitoring,
evaluation, and forecasting, and how these conceptually fit
together in management information systems. Clearer under-
standing should allow a more strategic overall effort to embed
malaria control and prevention more firmly in health systems,
and in the daily realities of those at risk.
NEW GOALS
We need no reminding that the problem of malaria in Af-
rica is immense. The meager but growing resources to deal
with it will always be inadequate. To succeed, strategies,
plans, and decisions for how scarce resources are allocated
and choices are made, whether at the family and household
level or at the system and policy level, will need to be very
smart indeed. And that means they will need to be very well
informed. This is all the more important given the new targets
and resources for malaria control that are framed in the am-
bitious Millennium Development Goals (MDGs),1 and more
specifically, the Roll Back Malaria (RBM)2 and Abuja tar-
gets.3 The MDGs for 2015 address poverty, hunger, primary
education, sex equity, under-five and maternal mortality, safe
water, environmental sustainability, and global partnerships
for development. Progress on any of these fronts will be good
for malaria control in Africa. The MDGs also make specific
mention of arresting human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS) and malaria. One
of the more instructive indicators for malaria in sub-Saharan
Africa is all-cause child mortality. Here the MDG target is to
reduce under-five mortality by two-thirds between 1990 and
2015, which is about a 4% reduction per year compounding
over each of these 25 years. The targets look attainable in
most regions except sub-Saharan Africa where the situation
appears bleak. Decreases in child mortality in the decades
prior to the 1990s were on this trajectory, but during the 1990s
there was stagnation, and in some places, reversal of the
trends.4 Across sub-Saharan Africa, average under-five mor-
tality decreased a total of only 3% during the entire decade of
the 1990s, while during the same period in industrialized
countries, the already low mortality decreased an additional
32%, putting them well on the road to meeting MDGs5 (Fig-
ure 1).
Why is Africa having such trouble moving toward these
goals? One reason must be the failure to control malaria.
Malaria constitutes 23–37% of child deaths in sub-Saharan
Africa.6 It will be difficult to cut under-five mortality by two-
thirds without making major progress on malaria control be-
cause it is the largest disease component of the burden. This,
plus the strong association of malaria with maternal mortality
and with poverty7 suggests that progress on those Millennium
indicators will also be hampered by a failure to substantially
reduce malaria. Failure to reduce the intolerable economic
and disease burden of malaria will seriously undermine pros-
pects to achieve MDGs in Africa.
A huge effort and investment on malaria is clearly re-
quired. It is therefore quite extraordinary that the MDG spe-
cific for malaria is so feeble. It calls only for a halt in the
growing incidence of malaria by 2015 and a reversal thereaf-
ter. If malaria is held at the current incidence, Africa is
doomed to carry the current burden of malaria until 2015 and
the Millennium goals will be impossible to reach. There seems
to be an internal contradiction in the Millennium Goals when
it comes to appreciating the pivotal importance of malaria in
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sub-Saharan Africa. Not just a simple arrest, but also an ac-
tual reduction of the malaria burden is urgently required. The
RBM and Abuja targets are more incisive. The RBM target is
to halve the 1990 malaria morbidity and mortality by the year
2010.2 To achieve this, at Abuja African heads of state re-
solved to strengthen national health systems to ensure that by
the year 2005 60% of malaria patients will have access to
appropriate treatment within 24 hours of onset of symptoms;
60% of children and pregnant women at risk of malaria will
be protected using insecticide-treated nets (ITNs); 60% of
pregnant women will have access to appropriate malaria
chemoprophylaxis or presumptive intermittent treatment;
and 60% of epidemics will be detected within two weeks of
onset, and responded to within two weeks of detection. In-
terventions capable of reaching the targeted mortality reduc-
tions are already available. Insecticide-treated nets alone can
be expected to reduce malaria morbidity by 50% and all-
cause under five mortality by 17%.8 This, coupled with a
move away from failing first-line antimalarials in primary
care, plus new interventions in the pipeline such as intermit-
tent presumptive treatment of infants (IPTi)9 and new strat-
egies to reach children with higher quality interventions such
as Integrated Management of Childhood Illnesses10 auger
well. If successful, then the MDGs for Africa will come back
within reach. The weak point is systemic rather than techni-
cal. Reaching the Millennium Goals will require enhanced
capacities and commitments across a number of fronts, par-
ticularly human resources development, financial invest-
ments, and system-wide initiatives to increase the reach, cov-
erage and equity of essential services. The World Bank esti-
mates a need for $40–60 billion U.S. dollars per year in
additional annual funding for the MDGs.11 The World Health
Organization (WHO) estimates a need for $1 billion U.S.
dollars per year to reach Abuja malaria control targets, while
current spending is about 200 million per year.12 Even with
new resources such as debt relief and the Global Fund for
AIDS, tuberculosis, and malaria, it will be unlikely that this
level of investment can be mobilized and spent quickly, so
whatever is obtained will need to be used very carefully and
its impact monitored.
A PATHWAY TO EVIDENCE-BASED PLANNING
To guide and evaluate these investments, it is logical that
some of the new funding (perhaps 5–7%) must be invested in
information systems. Such systems are particularly weak and
inadequate in sub-Saharan Africa. The new goals and invest-
ments provide an opportunity to re-engineer currently weak
management information systems; to build them to serve
more than just single disease, or even single sector interests,
yet still provide what is needed.
One of the reasons the information systems are weak is that
monitoring and evaluation is not treated as a coherent ele-
ment in a routine pathway to evidence-based decision-
making. Such a pathway starts with data, the minimum for
process and impact indicators required to track and guide
progress. What data, and how it is obtained is crucial and
discussed later. However, data, alone, are useless until
cleaned, controlled, organized, analyzed, and integrated with
other data to become elevated to the status of information.
Once data becomes information, this is usually where the
whole process stops. However, information on its own is use-
less until it becomes evidence of something. Making informa-
tion “speak” requires a set of skills and tools to transform and
package it to reveal the evidence it embodies. Once informa-
tion is distilled to evidence, it must move on because evidence
is of little value until communicated to the “movers and shak-
FIGURE 1. Under five mortality reductions by region between 1990 and 2000. CEE/CIS  Central and Eastern Europe/Common-
wealth of Independent States. Adapted from United Nations Children’s Fund http://www.unicef.org/specialsession/about/sgreport-pdf/01_
InfantAndUnder-FiveMortality_D7341Insert_English.pdf (accessed January 9, 2004).
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ers”; the policy makers, politicians, program managers, plan-
ners, decision makers, the public, the mothers, or whoever
needs to know. Once this happens, evidence transforms to
new knowledge; a new understanding about what is important
to do next. However, knowledge in turn is useless until ap-
plied to influence action through decisions and plans that are
implemented. Action is the purpose of any information sys-
tem and is essential for achieving impact or change. When
things change, the data change. And it is in such a loop that
the monitoring, evaluation, and forecasting of our indicators
comes into play and feeds the cycle as a new source of data.
This is essentially a pathway for evidence-based planning in
which monitoring, evaluation, and forecasting are essential
but insufficient steps (Figure 2). It looks obvious, but too
often, important data fail to have the influence it should be-
cause this pathway is so frequently short-circuited. Going di-
rectly from information to policy makers or implementers
often fails. There are many examples of interventions that
should have been adopted much earlier than they were, poli-
cies that should have been changed sooner, and epidemics
that deserved swifter responses. Often the data and even the
information are available but its proper packaging, commu-
nication, and follow through are neglected. If this loop is not
closed, the management information system, as a system, is
incomplete (Figure 2).
A FRAMEWORK FOR MALARIA INDICATORS
The above pathway to action is predicated on data for key
indicators necessary to guide the health system being avail-
able from within a coherent Health Information System. For
malaria, RBM has prepared a framework of data sources and
indicators for monitoring and evaluating malaria control that
are selected on principles of broad consensus, relevance to
the RBM goals, standardized but adaptable approaches to
collection, local feedback to the system, and minimal data
collection.13 This last point is important. Roll Back Malaria
has fought against what has been called the “epidemic of
indicators” (Boerma JT, unpublished data) demanded by dis-
ease control programs and identifies less than two dozen in-
dicators of interest to malaria control in endemic countries, of
which only about half are essential. Of those that are essen-
tial, nine are at household or population level and thus more
difficult for the health system to capture. However, it is these
household level indicators that are key to knowing if mortal-
ity and morbidity are being reduced. They must be measured
at household level now and prospectively into the future
along with health system process indicators for the strategies.
The RBM has provided a thorough description of these indi-
cators.14 It is straightforward on the surface but how to get
these basic process and impact data is a more difficult ques-
tion.
DATA SOURCES FOR MONITORING
MALARIA CONTROL
For malaria control, data can come from three main levels:
the Health Facility/Health System Level, the Community/
Household Level, and the Remote Sensing and Modeling
level. Each of these levels can provide data prospectively or
retrospectively (Table 1).
HEALTH FACILITY DATA
Starting at the Health Facility Level, there is continuous
prospective surveillance producing the kind of data routinely
collected in health facilities by conventional Health Manage-
ment Information Systems (HMIS) or Integrated Disease
Surveillance (IDS). There are also periodic cross-sectional
retrospective surveys such as the IMCI evaluation or similar
facility-based surveys. It is to these sources that disease con-
trol managers and health system planners look most fre-
quently as an evidence source. However, it is seldom appre-
ciated that data derived from the health facility level are in-
herently flawed and biased when used to monitor key
indicators for population level burdens of disease or health
seeking behaviors. Health facility data is a good example of
Finagle’s first law. It is the data we have, but not necessarily
the data we want, nor the data we need. The HMIS data
would be better reserved for managing health facilities. For
example, health planners need to know about intervention
costs, coverage, and provider compliance, but they can rarely
find such information in their HMIS indicators and data sets.
FIGURE 2. A pathway for evidence-based planning. M&E 
monitoring and evaluation; MIS  management of information sys-
tem.
TABLE 1
Types and levels of data sources for health information systems im-
portant for malaria control programs*
Level
Type
Cross-sectional retrospective Longitudinal prospective
Individual and
household
Population surveys
(Census, DHS, MICS)
Prospective surveillance
(Vital events and
DSS)
Health facility Routine reporting
(HMIS, IDS, DHS)
HF surveys
Modeling Risk mapping (GIS) Remote sensing and
early warning systems
* DHSDemographic and Health Survey; MICSMulti-indicator Cluster Survey; DSS
 Demographic Surveillance System; HMIS  Health Management Information System;
IDS  Integrated Disease Surveillance; HF  health facility; GIS  geographic informa-
tion system.
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Instead, most efforts of HMIS are directed at attendance data
that is then used as a proxy for population health, as if the
problems of the population attending health services are rep-
resentative of the health problems of those who do not attend.
However, most deaths in Africa occur at home, and many
without any health-seeking behavior at formal health services
monitored by HMIS. The proportion of febrile children less
than five years old who are treated with antimalarials ranges
from approximately 2.5% to a maximum of 65% in sub-
Saharan Africa.12 People may be differentially deflected or
repelled from these services by a whole range of issues in-
cluding geographic and physical access, socioeconomic access,
temporal access, sex, age, belief systems, quality of health
services, and availability of drugs. Yet it is extraordinary how
much time, energy, resources, and opportunity costs are spent
collecting and processing health facility attendance data to
monitor disease. Conclusions can be fallacious. In a health
system under reform that is achieving necessary improve-
ments in quality of services or in completeness of record
keeping and reporting, one can expect to see marked in-
creases in attendance. Does this mean that the disease trend
is increasing? More likely it is the opposite. The only way to
know is to go to the household level. This is not to say that
facility data on disease statistics are without value. Where
they have been most valuable is with regard to understanding
health system performance for severe disease (case fatality
rates for in-patients for example) where the population of
interest is those who do arrive.
HOUSEHOLD DATA
The most important level to measure impact is at the
household and community level where again, data can be
obtained prospectively from continuous surveillance such as
sample registration or sentinel demographic surveillance sys-
tems (DSS) (http://indepth-network.net), or retrospectively
from periodic, cross-sectional national household surveys
such as Demographic and Health Surveys (DHS) (http://
www.measuredhs.com) or Multiple Indicator Cluster Surveys
(MICS) (http://www.unicef.org/reseval/micsr.html). These ap-
proaches have either total sampling or very carefully con-
structed representative sampling methods that avoid the self-
selection bias seen in the HMIS and IDS data.
The DSS sites monitor large populations continuously
(typically at least 60,000 people per site), with full vital event
registration in what are essentially sample or sentinel popu-
lations that is conducted and updated between one and four
times per year, including cause of death ascertainment by
verbal autopsy for all deaths. Because of the repeated house-
hold surveillance approach, over time, geo-referenced con-
textual data on socioeconomic, environmental, and health
system access variables can also be linked with each indi-
vidual in the population. Almost all such sites in the devel-
oping world have joined together in a network called
INDEPTH to make it easier to harmonize and strengthen
methods, lower costs, and answer questions across multiple
sites.15 There are presently 33 DSS sites in 14 countries in
sub-Saharan Africa. However, there are many countries that
have not yet attempted this approach, or are not yet using the
data produced by sites to best advantage. There is growing
experience in using DSS data for more accurate estimates of
malaria specific mortality, and it has been claimed that DSS
now represents for most of Africa, the single best potential
source of data on cause-specific mortality within defined
populations.6 Process indicators such as ITN or IPT coverage
can also be tracked since household assets including ITNs are
updated regularly and all pregnancies are registered. There
remains a question regarding the degree to which results from
small areas can be extrapolated to larger administrative areas
for planning purposes, especially if these sites are also hosting
mortality intervention trials or pilot health projects. Such
questions need to be addressed through comparative studies;
however, mortality rates in DSS sites tend to be comparable
or worse than those seen in national averages from DHS
surveys, perhaps because DSS sites tend to be placed in dis-
advantaged areas.15
Nationally representative, cross-sectional, retrospective
surveys repeated every 4–8 years have much better continen-
tal coverage. More than 34 sub-Saharan African countries
have had at least one DHS, and some have had as many as
four, while 20 countries have had at least one MICS. The
newest generation of DHS now includes extensive malaria
modules with no fewer than 50 questions specifically on ma-
laria (Eckert E, unpublished data). These have been applied
in more than 10 DHS surveys so far and provide a wealth of
population-based geo-coded data on illness episodes, health
care, treatment-seeking behavior, use of ITNs, source and use
of antimalarials, etc., all in addition to direct retrospective
estimates of all-cause (but not cause specific) under-five mor-
tality. Work is still needed to see if this enriched data set will
be useful in estimating malaria-attributable mortality as well.
A current limitation of DHS is that their frequency, every five
years or so, is limited, making them less sensitive to rapid
changes in coverage and impact. This is compounded by their
retrospective nature, which means that their estimates of mor-
tality are lagged to periods a few years prior to the year of the
survey with an associated recall bias. The DHS surveys, for
logistical reasons, are often done during dry seasons when
fever frequency and malaria incidence are lower, and this
might underestimate fever burdens, intervention coverages,
and malaria preventive behaviors. Due to sample size, DHS
estimates are relevant for relatively large areas and are not
frequently used by decentralized district level planners. One
unexplored frontier is to see how DSS and DHS/MICS could
combine efforts strategically to harvest the complementarities
from prospective and retrospective surveys. An initial way to
examine this would be to conduct over-sampling of DHS or
MICS surveys in areas where DSS is running and develop
methods to extrapolate small area data to larger areas based
on stratifications determined by DHS and MICS surveys as
well as other sources such as census and nationally represen-
tative household budget surveys.
With the growing appreciation of the nexus of poverty and
malaria, and the launch of major poverty alleviation initia-
tives, there is a timely and growing interest in equity analy-
ses.16 Because data from the DSS, DHS, and MICS are linked
at household level, powerful analyses can now be conducted,
either in relatively small homogeneous areas as monitored in
DSS sites, or across large disparate areas as covered by DHS
and MICS. This has permitted household wealth ranking to
be done on an enormous scale, and a new field of inquiry is
opening that allows the monitoring of inequalities and ineq-
uities with regard to access to health interventions and to
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health outcomes.17–19 Equity analyses will be critical for un-
derstanding how interventions reach the poor, and for moni-
toring additional Millennium targets. Such work is not
practically feasible with purely facility-based data. Abuja
and MDGs for health are based on indicator targets from
average population figures. It may be possible that on the
road to meeting targets, disparities for the poorest actually
increase (Gwatkin DR, unpublished data). It will be increas-
ingly important to be concerned about not just the produc-
tion of health, but also the distribution of health. Figures 3
and 4 show socioeconomic inequalities in access to health
services and bed net ownership by wealth quintiles in a DSS
in an apparently socioeconomically homogeneous rural
area.20
It is difficult to obtain comparable costing data for infor-
mation systems. The DSS is often considered to be expensive;
however, total cost for a full DSS site in Tanzania is approxi-
mately $3.50 U.S. dollars per household per surveillance
round or approximately $0.75 per capita under surveillance
per round. Since DSS sentinel data can be used for much
larger populations beyond those in the sample, actual costs to
the system are less than $0.02 U.S. dollars per capita annually.
On the same basis, the less frequent DHS also costs $0.02 U.S.
dollars per capita when spread annually, while the national
health facility HMIS in Tanzania is estimated to cost $0.06 per
capita annually.21
REMOTE SENSING AND MODELING
A source of input data useful to malaria control can be
obtained from routine remote sensing and modeling.22–26
Again, this can be deployed in a prospective or retrospective
manner. On the prospective side, an experiment is underway
that combines remote sensing data with real-time health fa-
cility data to provide, in a sequence of flags, forecasting, early
warning, and early detection of malaria epidemics (Figure
5).27 This is an example of triangulation and integration of
data of different types and from disparate sources into a sys-
tem that could be highly cost-effective.
The increasing value of spatial and environmental informa-
tion systems made possible by modern geographic informa-
tion system (GIS) applications should not be overlooked. The
Mapping Malaria Risk in Africa (MARA) collaboration ex-
emplifies this effort.28 The malaria control community
now uses MARA model maps and estimates widely. The
MARA recently launched a new information product called
MARA-LITe for Africa. It is a CD-ROM based tool that
allows anyone with a computer to query a GIS model down to
district level across Africa to get estimates of transmission
risk based on climate models, and of population sub-groups at
risk for any area selected, as well as a complete interactive
mapping interface (www.mara.org.za/maralite.htm). This is a
potentially useful tool for National Malaria Control Programs
and District level planners prior to monitoring and evaluation
in the evidence-based pathway. Another important vehicle
for assisting the mapping of malaria control and related pro-
cess indicators at national and sub-national level is the WHO
HealthMapper, a free, easy to use, yet powerful data man-
agement and mapping tool that has already been used by
regional and national malaria control programs, and may
prove useful to district health managers for mapping their
HMIS process indicators and packaging evidence (e.g., cov-
erage of ITNs). (http://www.who.int/csr/mapping/tools/
healthmapper/healthmapper/en).
A general observation that is emerging is that HMIS, DSS,
and Epidemic Early Detection Systems can be applied in the
form of sentinel systems. Where quality data are too costly to
collect everywhere, strategically located sentinel health facili-
ties or population areas from which results can be generalized
to larger areas or populations can be highly cost-effective.
Planners and stakeholders are now using sentinel surveillance
for monitoring antimalarial drug resistance, burden of disease
profiles, and for poverty indicators. Although data from the
immediate local area are always wanted, perhaps in many
cases it is only data from a representative sentinel that is
actually needed: an example of Finagle’s Second Law. It is
clear from Table 2 that no single source can supply all the
impact and process indicators that are necessary for monitor-
ing progress and impact of malaria control. This means that
the HMIS needs to embrace and use these other sources in a
more integrated fashion, and move towards a true systems
approach that builds on synergies among the sources.
FIGURE 3. Average travel time from household to nearest health facility for 13,000 households in a rural area of Tanzania, by household wealth
quintiles. TEHIP  Tanzania Essential Health Intervention Project. Source: TEHIP Rufiji Demographic Surveillance System.
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CONCLUSIONS
In recent years, there have been many energetic attempts to
strengthen facility-based health information systems. How-
ever, this investment will not help monitor the more impor-
tant population-based impact and process indicators. The
HMIS needs radical reform to become more relevant to man-
agers, to catch up to the new reality of syndromic diagnoses,
and to justify its current expense. It needs to evolve to a more
coherent and integrated health information system that can
serve local, national, and global needs. The most promising
source of data for specific impact measures, the DSS, has
shown virtually no growth or new investment. There have
been only a few new DSS sites established, and these were in
countries that already had multiple sites and were aware of
FIGURE 5. A three-tiered approach for long-range forecasting, early warning, and early detection of malaria epidemics. Each tier is associated
with specific indicators and responses. In this example, Flag 1 is raised at the regional level when sea-surface temperature anomalies signal an
impending El Niño event. Subsequent rainfall is monitored directly as part of an early warning system and Flag 2 is raised if it is in excess. Malaria
cases are monitored at local health facilities and an epidemic is quickly declared once a defined threshold is exceeded (Flag 3) and the other flags
are up. ENSO  El Niño Southern Oscillation. Source: Cox and others.27
FIGURE 4. Bed net ownership at the beginning of a social marketing program in 13,000 households in a rural area of coastal Tanzania, by
household wealth quintiles. TEHIP Tanzania Essential Health Intervention Project. Source: TEHIP Rufiji Demographic Surveillance System.
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their value. A goal of having each malarious country with at
least one rural and one urban sentinel DSS capability used in
evidence-based planning as part of an integrated Health In-
formation System is financially and operationally feasible, but
still not happening. Finagle’s third law still applies. The data
we need are not available in such countries. But on a positive
note, there have been major increases in the number of coun-
tries with DHS and MICS surveys that now include relevant
malaria indicators. This could prove invaluable, but DHS and
MICs style surveys would need to be implemented much
more frequently to be useful to monitor impact of malaria
control. Coupling DHS, MICS, and DSS in innovative ways
could provide a practical means to measure impact.
The RBM as a movement was always intended to be a
pathfinder. Given the magnitude of malaria as a problem for
Africa, RBM with WHO are moving into the forefront in
advocating for, and developing integrated management infor-
mation systems for core health and poverty indicators. Re-
sources for such systems are still sorely lacking. A wake-up
call is needed to bring new resources on board, and to real-
locate some existing HMIS resources to the more appropriate
integrated information systems that are able to document all-
cause and cause-specific mortality, track health seeking pro-
cess indicators, and monitor poverty reduction indicators.
Our best hope to get the data we need for mortality impact in
the near term may be a strategic combination of the sentinel
DSS and national DHS household survey systems at country
level feeding into a strengthened backbone of a sector-wide,
or even inter-sectoral management information system.
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Facility Survey; DHS  Demographic and Health Survey; MICS  Multi-indicator Cluster Survey; DSS  Demographic Surveillance System; RS  Remote Sensing and Modeling; ITNS 
insectide-treated mosquito nets; ANC  antenatal care; IPT  intermittent presumptive treatment.
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